Abstract. Geodetic instruments, during the measurements, shall be centred properly in order to obtain the right value of measured directions, horizontal angles, zenith angles or distances. This problem is well analysed in literature for cases when it is applied in trigonometric networks. Those cases are of interest when some directions are not visible and enough number of needed measurements could be obtained. In the case of problems where the high precision of the geodetic measurements is needed the only acceptable method for centring is forced centring of the geodetic instruments and signals i.e. prisms or different kind of marks. Because of imperfections in production of tribrachs it could be expected that some eccentricity will appear in the same tribrach. There exists many ways for investigate this problem but in this paper I will present the case of investigating one tripod with one geodetic instrument. The method for centring error determination was based on the determination of coordinates of the geodetic instrument after each its movement. First group of the measurements were performed after centring the instrument on the industrial tripod and only releasing and tightening of the screw on the tribrach. Another group of measurements were performed only after centring of the instrument while the tripod was not moved i.e. with presumption that the tripod was stable. The short lines of sight were used because of expectations that small centring error could be detected.
Introduction
In cases when a high precision of the geodetic measurements are needed, the errors in construction of the geodetic instruments could cause the significant influence in obtained results. In some cases of highest requirements of accuracy the construction imperfections could be the final limit in reaching the required accuracy. Precise geodetic measurements are usually performed by forced centring of the geodetic instruments and signals. This method is well known in geodetic literature and will not be described in details. Influence of eccentricity on measured angles are researched in details in [1] , [2] .
This research was performed with two basic aims: -to find if the geodetic instrument (a total station) takes the same position when it was put into the tribrach and -to find if the geodetic instrument takes the same position when it was put on the tripod. Since the expected values of changing the position of the geodetic instrument were small, the experiment was designed with very short lines of sight. The positions of the total stations are determined by their coordinates in every position. The auxiliary coordinates of the total station were determined by the free station method and the final coordinates were obtained after the adjustment of the measurements.
The experiment for reaching those two aims was performed in the following way:
-one precise levelling rod was put in the horizontal position at about 2 m distance from the total station, -the industrial tripod was put and the total station was centred on the tripod (the tripod and the tribrach comply to the industrial standards in geodesy), -the screw for fixating the total station on the tribrach was released and fixed three times; -after every fixation the horizontal directions were measured in two sets of the angles on the same marks on the levelling rod, -after that, the total station with the tribrach was tighten and unscrewed three times on the screw of the industrial tripod, -after every centring of the total station the horizontal directions were measured in two sets of the angles on the same marks on the precise levelling rod, -the average length of the line of sight was 1.8 m,
-the declared measurement uncertainty for the total station for the measured horizontal directions is ߪ ௗ = 0.5", and -the total station was calibrated in a metrological laboratory.
The basic presumption is that the tripod is stable i.e. that all differences in the total station position are caused by imperfections in the tribrach construction and the measurement errors. The differences obtained from this experiment shall be considered as the possible centring error of the total station and the tribrach.
Background
The influence of eccentricity on the measured horizontal direction is determined by the formula [3] :
where:
-ߜ" -influence of eccentricity on the measured horizontal direction,
-ρ" -radians expressed in arc seconds ["], -݁-eccentricity, -ܵ -distance from the "right" centre and measured point, and -݅ -angle between the "right" centre, the "needed" centre and the measured point.
Formula (1) shows that, if eccentricity is small, the distance shall be as short as possible and the angle i shall be near గ ଶ in order to maximize the angle ߜ. Also it means that the small eccentricity will cause a significant influence on the observed direction. For example: if ݁ = 0.1 mm; ܵ = 2000 mm and ݅ = గ ସ it follows ߜ" = 7.3". It means that the differences between the observed horizontal directions are greater than the accuracy of the measurement and shall be detected easily even for very small value of the eccentricity.
The measured directions were adjusted and the final coordinates of the total station position are determined from the process of the adjustment.
The mathematical and the statistical models for adjustment are [4] :
where the insignia have the common meanings.
Because the degree of freedom is ݂ = 1 the advanced statistical analysis was not performed. The data snooping method did not find any gross-error from the adjustment.
Results and discussion

The eccentricity of the total station determination -case study
In this case study the results from the experimental measurement were used. After tabling the results they were processed according to the following procedure:
-the auxiliary coordinates of the total station determination, -the adjustment of the measurement results, and -the differences of the total station position calculation.
Description of the measurement and the results
In the measurements for the eccentricity determination, the automated total station was used. Declared (and confirmed in the accredited laboratory) accuracy for the observed directions by the total station was ߪ = 0.5". The directions were observed under the artificial light in the room. The results obtained for the first group of the measurements are given in Table 1 , and the results obtained for the second group of the measurements are given in the Table 2 . The details of the measurement process were, already, given in the introduction of this paper.
According to data given in Tables 1 and 2 it is possible to say that the different movements cause relatively small changes in the position of the total station.
In Table 3 the obtained coordinates from the first group of the measurements are given and in the Table  4 the obtained coordinates from the second group of the measurements are given. 
Obtained results and discussion
According to the results given in Tables 1 and 2 it is obvious that the observed directions are small in all cases and their maximum difference is 3.5" for the first group and 6.6" for the second group of the measurements. The average values of the differences for the first and the second group of the measurements are 2.0" and 3.4", respectively.
The distance of the total stations between its different positions obtained from the coordinates based on the first group of the measurements is smaller than 5*10 -5 m and the distance of its different position based on the second group of the measurements is smaller than 13*10 -5 . The groups of the measurements were treated as independent of each other and they shall not be analysed together.
Conclusions
According to the obtained results it is possible to state that they support the statement of good construction of the total station and the tribrach. It means that the centring error of the total station caused by the imperfection in construction shall not cause the significant error in the observed directions when the distances between the total station and the measured point are longer than 100 m. For high requirements in accuracy and in the case of the distances smaller than 10 m, the centring error shall be examined carefully because its influence is significant related to the declared accuracy of the horizontal directions observation for the precise total stations.
It is also possible to conclude that tightening the tribrach on the tripod shall be avoided because the influence of this activity causes the larger influence on the measured results than only tightening and unscrewing the screw on the tribrach.
Problem of the centring error determination can be researched in more details by investigating the angle "i" and its influence on the observed horizontal direction.
